
-- . 
1 2 f% l - B ai+ 

B 

8 NATIONAL ADtibRY COMMITIEE 
2 FOR AERONAUTICS 

TECHNICAL NOTE 8312 

I 

.k 

FLIGm TESTS OF A MODEL OF A mH=WING TRANSPORT 

VERTICAL-TAICE-OFF AlRJ?LANE Wl!I’H TILTING WING 

AND PFtOPELLER8 AND WITH JET CONTROLS AT 

THE REAR OF THE FUSELAGE FOR 

PITCH AND YAW CONTROL 

By Powell M. Lovell, Jr., and Lysle P. Parleti 

Langley Aeronaaltica,l Laboratory 
Laz$ey Field, Va. 



1P 

‘ 

c 

By Powell M. Lovsll, Jr., 8ndLyel.e P. Parlett 

Themo&lexperiencedanoee-qp M inpltchtrimatlow t3peeda 
iIlthetrar.lmitloz!lframhover~toforwl3rdfllgllt. Beceues of we trim 
m, the moat z-eamrd center-of-gra~~locet~atwhich~model 
ccwldbeflcnmwtatsllmltedto8percedmnnn8erodynaml~chmdreEuwarg 
oftbewinspivotpoint~~tha~flageaefle~Bna6per~mssa 

itizr- 
cchmal?emwedofthe~plvotpointwlththefl.apeunae- 
Whenthecenterofgr8vl~waaloca~resrwerfL 

the lnodil experienced a noee-up pitcldlg dlvergeIlceI. 
of these poiPtr3, 

!meIwetforwema 
center-of-gravity locationatwbichthemodel couldbe flown, whlchwse 
eeteblle~aollyfarths~p-deflectsacaee,wse12per~t~aero- 
dgnsmicchordforwwdofthevlngplvotpo3nt. ThelateraletabUlty 
and control charscteriet1cs were m 8at1ef8ctory m though the 

1 DutchrolloeclUxtlonwselL@xtilydempadfor t2ertbldtiaseofelr- 
apeed 8nd fllmlqe attltuae. The Jet controla etthereerofthefuae- 
lageprovldedgoodpitchandgrrw~~ol~theentireegeea 

. -= 

. 
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With the recentdetilopmntofturbqprop engfkeewithhl&ratloe 
Of power t0 Weight, it h86 became poeeible to builil trmp& SiXpti 
cap8blepf ~$~-~Yoff di8iidlng. 'One coi?lgufatlonwhlchh8a 

__. .,_ 

been propoeed to 8cccmpllsh vertical take-off.a&&ndkg while msln- 
tEkkl& 8 fUt3e~-~WE?l 8ttitUde 18 eS6eEltiaLly 8 COnVentioIl8l 8kC$Ju 
wlththewinge andpropellere c8p8ble ofbeing'.r&tedthrough8n8n&e 
ofiJlcld.ence!ofgoo. Inmdertodetemlne the femlblUtiyof euch8n 
elrphne frcm 8 etablllty and cc&ml Standpolnt,,_a flyingumdelwSs 
USedtO l3tudythtZ fli.@ltchsr8C&3&BtlCEl lnboth&VEZing- EUld forward- - 

fllghtcondltlam3. Theresulte oi-samehovering- sndfcnwiwd-flight- - 
teete Of 8 low-wing ConflgurStlop1 8Fe preeellted kreferencee land 2, 
respectively. 

The model used lnthe hmastlgatlcne ofrefmceelti2 w8a con- 
verted~toshl&-wlngmodelforuse lnthepreeentlnveetl&lon. T!he 

- 

modelhadfaurpropellers.mrruntedwiththethrust~gucesinths.~chord 
plane. !I!hewlqw8eplvoted~t 15 percen+me8n~odyminic chord, end 
cauldbe'rota~~Oot~90oincl~cesothst~pthruet 

- 

8xeewerevertlcal forhoverlngfUght8ndeesentl8Uy horlzautalfor 
. 

foYw8rd flight. I- -. 

. 
The Investigation consIsted prlmmlly of flight teete. The etebll- 

lty 8nd controlchm8cterlstlce were determlned~mnnnn of visual obser- 
v8tlon, the pllotef. lqreeslon8 of the fljring qu81.&tleesof the model, 
8ndmotlon-picture recora of the flighti. Inadd$ja3n_jio the flight 
teste, 8 few force teeteweremade in order topruiida addltlorml lnfor- 
mation re@ng the .&8tl.~longltudln8l etablllty-in forwmd fll@t. 

Force-test data 8x-e referred to&axes, whichlnthle caee 8re 
the em 88 etablUty8xesbeCauee thenmdelwaa rrjbtywed. FOr aim- 
pllclty ln.reduclng the fllghtrecorde, m &latgglee of the motions. 
of the mdel 8re'$&eBenteU with referende to horl&ntaJ. and vartlc8l 
axeswhlchaxe flxedlnepa;ce. Z . . 

The deflnltlona ofthe eynibola'Usedirithk'pr&!eent paper tare as ‘. 
fol.lcYKB: s . a. 

. 

D dr&lb' 

. . 

L _ lift, lb _- 4 
.- 
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-OfheZ'ti88bout~tUdbld body8xa3, slug-ft2 

nK#mntof inertls 8boutepkuIwlee body axls, alug-& 

mmnentof Inert& 6boutr.lormlbodyti8, elwf+ 

roUngmament,ft-lb . . . 

Pia Diment,referredtocen~of~~~of~, ft-lb 

Y=w molnellti, f-t-lb 

body-s 

mSanBerodynemiCChOrd 

Ml&lord 

Themdelwas deelepledto rep-sent 8 poeelbl.e,turboprop treneport 
8lrplene. Aphotographof themodelle preeentedinflgure1endthree- 
vzkwdrawingsBlrepreeentedinfiguree2and3. TableI~stethegeo- 
m&rlcc~acterletlceoflihemdel. Althoughtbe -+Rofillerti8Of 
tbe~-wingC~8~Onwerenotme86~,they82+ probablyvery 
close to thosei of t&elm-wipgconflgur8tiongiven~reference 1. The 
modelwsepoweredby 8 lO-hor6epowerelectrlcmtorwhlchturnedfour' . 2-blediepr~soriththethruet~ein~wingchord~. The 
speed of the motorxae~changed to vary the thrust of the m&l. 

c 



~~~~~model,whichyBB~i~8t~~~Cent~asro- 
dynemicchord,couldberotetsd~omO0to~oinddence~lngfll.ghf. 
ThsprapellsrS~~~epsn~~~anB~ofauch8~~~ 
vlrtuallytheen~wingw8armmnr8edlntheallpa-Themodelh8d 
8tr8Ll.ing-edge~ fl8p;thefour%nbomdaegmntaweredefleCteddhrn 
InaaaPs oftheteata toprovidepitchtrim8ndeddltlon8l lift. conven- 
timml elmtar, rudder, and 8llerona provided control In the normal hlgh- 
speed flight c0Ildit1on. 9?heoutboardaeepabntaofthewingfl8pw-ereuaed 
88 the allerolle. Jet-rssctlon ccmtrds 8tths re8r of the fuaehgepm- 
videdgoodpltch8ndyawcontrolinhovering8nd lmr-apqsdfommd fll@rb. 
CompreSeedair,8tapreSeureof~~ly100~psrSguareinch, 
w8a 8~lil3dtothe jstcantrolImit,enBc~~olofpitch~yawwae 
o-byvarYlmg- aunouIltofdlacherge. Roll.ccmtrol firrhuverlng 
8ndlc~~-apeedforwudfligh~provldedbydifferentin'llvv8ryingthe 
pitch of the outbosrd pmpelhra. 

. 

c 

Figure48~th6teatee~foFth4~tte8t8~ch~made 
In the Langley fulJPBcal~ tunnel. The 8ketchahowa thepitchpllot, the 
+fety-C8bh ~ttX=, 8Lld the POW’W qPer8tCEP aP 8 b8kOlXy 8t thS SibI 
of the test section. TIlelrollpilotw8al6c8tedin8nencloaure LIltha 
1oweIrresrgart ~thete8taectian,8ndtheyawgllotw8a 8tthetap 
rem of the test section. An8aditial8l.qgsr8tur~nOt ahownlnflg.4) 
weelOcstsa~thsbBld~~thsPitchPllotin~to~olths 
ldng lncldence. The pitch, Z’OU, 8Ild ylS%t jpilot8 WOIW bC8t8d 8t the 
beat availrrble vnntage points far obaerv%g and cozrtrolUng the p8rtic- 
ul8rph8aeofthezwtlonwlthwhiche8chwabacxxeemd. lUotloIL~lt2tUZe 
records were obt8lmd with fhed c8lmrEa mounted near the pitch and yaw 
pilots. 

!lIlegawerforthemainpropulalonmotar, thewlng=tiltingIwtor, 
mdtheelectrlc ccmtrolS-daw88B~lied~wlrea. The& 

. fo3?thejstCXXIbc~Sandf~theCtXltX3l8CtU8~SW8SEil'43Q~eb~ 
plaatlct@es..TBet3d)rlrea 8ndtubeswere aupended ow3rheeul8ndtaped 1 
to8 Safe- cable(1/l6-inch'tn'aidedhlmmft-c8bU) from 8pOiZLt8gPrOX- 
iahely15 feet 8bovethexwdeldWrItothemodel. The a8few cable, 
which W88 8tt8ChSd t0 thO I!ldGl 8bm the a p$vot PO&h, W8S Used to 6 
prevent~ain~eventofaparercrrcaPrt;rol.~~,~~~ 
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eventth8tthepllotelostcc&rolofth&mdel. Durlngfllghtthe 
c8blewae kept Slack So th8t lt wouldnot 8gpreCl~ibly hfhsce themotlona 
oftheIlM3del. 

Pitch controllnhoverlng8ndlow-epeedfUghtw8a obt8lnedbyvmylng 
thesmountof~echer~thr~thetopandbottomorlflcee of the Jet 
attherearofthefuael8ge. Thejetcontrolcouldprovld&8Wxim.m 
pitching umnentof8boutfllfoot-pounds. Theelevator couldbe switched 
lIlt0 or C&Of the pitch-COdZti circuit, butlt USA apereted dll?Tw 
the entire fll&t; therefore, it h8d aam effectlveneee 8a aoon8a the 
8irepeedbeg8ntobuiUIlp. AnelevBtordeflectlonofk25ouaa uaedfor 
low-apeed flight8ndprovlelonwaa,m8de for rw the deflectlonto*SO 
forhlgh43peedfUghtlnordertoprevwntoverccmtrol. Aa theairspeed 
lncre8aed, the elev&orbec8mprogreeelvelymore effectlve8ndata 
apeedof8bout45knote thepllotredmedtheelev8tardeflectlon8nd 
awitched'out the pitch-control jet. 

~wcaoltrolinhwerFzlgendlow-epeedfll~twas obt8lnedbyvElrylng 
the amuntofdlechaxgethroughthe aids orlflcee ofthe jetatthereer 
OftbfUBelage. The Jet control couldprotide 8~yswinelWXWlt 
of about *6 fwt-pounda. The rudder couldbe sultchedlnto or out of 
the yaw-control circuit at will, but It w8a eel&m umd bec8uae It w8a 
not needed very often In forw8rd flight, 8nd, of coWae, It w8a lneffec- 
tive lnhovering8ndlow-speedfll&t. 

R~c~roliahovering~lav-apeeafll~waeobtsinedbydiffer- 
entlallyvarylzqthepltchofthe outboardprq@ikref2°. At 8 Speed 
of about 25 hots thefaileropewlth~ctlona of*lO"me Bwitchedln, 
and for the reminder ofthefld&tboththe outboardpropellers andthe 
Silera WereUElCd for I'OU CCXltZOl. Slncethepltchcontrolto the out- 
board prop&Uetrs ixizld not be switched out, this control c6ntlnued to 
operate thmu&outthe etilre f-t. 

TheteattechnLquels beetexplsLnedbydeecrlblmg aty31~8l fll@rb. 
Themodel~frOQl~esfe~cablesndtheparefwaaincreaeed~til 
themodelwaeineteadjrhoverlngfU&t. At this polntthetunnel drive 
motorawereturnedon8ndthe8irspeedbe~tolncre8ae. ASI theair- 
speed incre8aed, the attitude of the fuael8ge was kept eeeentlaUy horl- 
eont8l,thewlnglncldencew8erednced, 8ndthepfmerw888dJuatedin 
~topr~dethe~trequiredtobalsnce~dragof~~. 
Aten alrspeed of about25 knots, the roUpUot auitched lrlthe 81hZOllE 
for uae ae roll coutrol In conJunctlcm titb the variable-pitch pragellere. . . 
At 8n airspeed of 8boUt 45 kngts, the pitch pilot reduced the elev8tor 

. deflectlontof8°, aultched outthepltch-control jet, 8ndueedthe ele- 
vataralone fo2pltchcorrkrol for the reminder ofthefllght. Thecon- 
trole 8nd power were oper8ted to keep the mdel 8a nem 8a poeelble.to 

e the center of the testsectlonuntllapartlcul8rph8ae of the etsbllity 
and control ch8r8cterletlce wa8 to be studied. Tbsntbspllotaperfommd 
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. 
the mneuver~‘ required for the p8rtlcul8r.t~ate 8nd observed the etabll- 
lty 8nd control chmacteriStic8. The flightwas +mlnetedbygraduslly 
taking LQ the al8ck in the eafew cable while redu$ng the parer to the 
IUOd81. .- _. - 

I 

._ ..- 

TESTS .- 7 

Fll@A Teats . .= . . 

Fllghttestewereu4de.wlththe~fl8pe u+efle.ci+, 8ndalso- 
with the four I&DE&. e;ggmmte-of t& wing fl&p~,~Yl~+~ No. The . 
flight-teetxesulte were obtained In the form of.$&ote' obeervatlone' ; 
8nd aplnl0n.a of ljhe bebavlor of.theg n@el,'~lon~-lcture record~,qf the, 
motions of the model, 8nd time hietorlse of the fl&ght ch8r8&er~etlca~~ 

_ ,. 
--. 

m&e from tha motion-pi&~ recordg.,m. -- --. _. 'C -. - -- 
During the flight teats, the stablltty and control.ch8r8cterletlce 

were studied for.a'fBnge of Ft.--of-&rav%~lo~~~lona: from 8perctit 
mean aeradynamic.~behlndthe wingplCtpoln~ to'g percegtmean' 
8erodynaBdc chord forwmd of the wing pivot PO&*& The.,center-of-gr8vity . 

loc8tlone 8re refemed t0.l.n the dlecuaelon of the fllght teats ln term -- 

of the loc8tlonwhenthewlngw8elnthe hovering-#FllghtpoeltloP(gOolncl- . 
dame). Aathewlngrot8tedto 00 im%dence, the'Center ofgzmlty of the 
modelnloved~8nd~ Thefollowingtable8howetheloqittuldd 
anBvert;i.ccrlceptsr-O~8vltiylOcati~for~ngazld~f~ 
~ghtingsrcsPtmPnneer~cchordwithreiatl~tothe~pl~ 
ml8 (poaltlvevalueeinClic8te the&the center of'&8vlt~la above orfor- 
wardof the14.ngpl~t~~): '.:' 

.- 

4 

thXt~-Of-~8tity lOC8tiOIl, pt3Z-CtBQt ;, fOr - 

%+J v 
dJ% Howd.rlg flight Normlforwmdflight 

Longltudln8l vertical Loneit- Vertlc8l 

8 -9 -4 

0 2 178 -'5 -IL 1: 

I2 -10 

-; 
-5 

30 -0a -13 12.. 

-_- 

. 

. 

- - -. 
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~fli~teetswere~ateifage~~omOto6~Imote. ~fthe 
nmdelle canaldcxebdaa al/l0-ec8lemodel ofanedrpl.Sne, thehl@eet 
ape~resched~thhteetScarreegoPldeto8baut2103motefar~full- 
scale conflgur8tlon. 

St8tlcForrceTeete 

c ~Oturmel~oTbloF-lmn# ColTectioPelEZ%8gPliedtothe StEXlC- 
force-teetd8t8becxuae ofthel8&ofan8pproprl8tenmthodof&ter- 
miningthem. Itleerpectedth8ttheaecomectlonawouldbeIsrge, 
elnce themcdlelwse quite Urge lnrelekianto the teeteectlonof the 
L8ngl~free-fllghttumeluheretheforceteeteweremde. 

Theremlte ofthepreaentlnv~4etl&lanare KUuatratedmare gr8ph- 
IcaJJy by mtlau pictures of the f’ll.gIrta of the Mel than la possible 
ln8wrlttenpreeen..tlcm. FortUere8acn8mtlcvz-picture fllmeug- 
plenmnttothlep8pemh8sbeen pzygmwd8ndie8vEbll8bleonloanf'ran 
the Hatlon8l Advisory Caumlttee for Aeromutlce, Waeblngton, D. C. 

Ane2@em8tlonofthecasltrol-recordplotecont8lnedln~the 
fl&htrectxdale 8a foUow3: 
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The horlzontfil LLnele 8 reference LLnewH.chh~e its orlgln at the con- 
troltrlmpoeltloar reqylred for hommlngfllght,~tnot necessarily 
8t o" &fk!CtiOZl. The fIlckemdeflectlcmle the controldeflectlarr 
8ppliedbythepi2.Ot. E8c2ltime8nickerdeflection Is 8J3&h3dJthe 
co7rtrolletr~8~ amuntlnth8tdirectlon soth8tlfthe can- 
trolledeflected~timse~aneCLirectioPl~intheother8~e 
lntrimoccure. Thetrim~,~Chl6lndicsted8ttherightofthe 
plot,ma caqpuAedby8ddlngs anmll In crementoftr~lntheprQPer 
dh'eCtiolle8Chtims 8 COlltrol-Wae deflected. 

. 

. 

Since thetimce atwbichthepllots awltchedthevarloua controla 
lnoroutcouldnotbedetem&md frauthe cantrolllgh~, it18 not - 
poaaibleto teUfKnathe cchrolrec~,~ cunbln8tloncontrole 
orI~YI~caPtrOlawarebeingueedqr~t)ur.~largear~ 
elev8tordeflectlonw8abelnguaed. Thepitch-controlrecorda arenot 
cwpletely8ccur8tebec8uae controldeflectlona of 4~25~were a8eumdln 
8U kaea, althou# at the h&her apeeda the elevator deflection was 
reducedto*808nd,uau8Uy, thepitch=controlje*w8a awitchedoff. 

hqltudimlStebllityandControl 

win/q fl8pe tIndeflected.- Wlththeulngfl8pe undeflected, aucma- 
fultr8neltlonfllghtawerem8dewlthln8 cemter-&-grrenge m 
8 percentmsn8er~cchordforwardto 6 per&ntmnnnmrodym&c 
ChordrecrrJrard ofthewdngplvot point. IQwe5ahowa 8tillShiat~ 
Of8tQ'piC~traneltiOllfki.@t-IIEde~ththe CeIltt3J Of~Yi~lOCekd 
8percentm3enserdyna~.c chordforuardofthe~pl~polnt. 
FllghtawiththI.8 center-of~~8vliqloc8tlon could'benm3.e conaletently 
and eaelly. HO 8ttW@ ws8 mEde t0 determlnethemoetforw8rd center- 
of-gts5tvl* loc8tlon for which aucceeaful tranaltlon flights could be 
DMSdtS. Succeteaful flights could proImb~havebeeE:mde, however, with 
the~terof~~~Locsted~~8percent~aeroaynemic~ 
forwwdofthwlngplvotpolnt. .- . - - . 

Whenthe4 center oF~8vity uaemovedremward to 8 poeltlan directly 
under the wing pivot point, aucceeeful y&8qe~tlon gLl.&hts cou&d still 
be& conaletentlybutthemo&3l-was ellghtlymre difficult to con- 
trol long1tucurrally (fig. 6). A comparison of the colrt;r~l-record plots 
of~guree5and6.lnddsteethatmrecozrhit EQp&iC8thXla Were llbCI!SElary 
duringthelow-apeedportl~ofthe fllght~wi+hthe center of-l* 
1oc8ted directly under the wingplvotpqlnt. 

__ 

Khenthe center of ~avltiy w3amovmdmmmm3 etlll fmliherto . 
6percentzwan ~cCkrd~ndthe~p~Votp&&~8bout 
one-haJf of the tra7mltlan flights were aucceeeful.~~ It.* neceeeafy 
for the pilot to exercise exkreme csrelnthe mnQul8tlonofthe con- 
trole in order tuprevmnt 8 pose-ug pltchlng dlv+ence.' Figure 7 ah&m 

. 
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8tl.mhietcny0f8eumeeeful tranaltlonfU@rtmdewlththle center- 
- of--titJr locatlml. Acaqtmlaonofthepltch-controlploteofflg- 

uree5,6,and7ahowathe1 ncre8aed alfflcul* In C~tro~ll -m- 
tudin8llwtlonawlththeImrersarwsrd centcr-Of-~8ti~ lOWthUS in 
th8tmmeccmtrOl8ggl.iCatiOnawereneCeaesry dmlngtheaefUghtethan 
dllrlngthe jzLigllt~wlththemstf- center-of-~ti~lOcatic%L. 

wersdeflected~down~lnaneffortto 
a-t8 of the wing flaps 

UcreaaetheaUowablecenter- 
of-gratiw range and, 88 delmnakcsted poeesble In the teat8 of reference 3# 
---pcrwar- dldngthelow-apeed~onaofthe 
flights. With the flaps deflected, eucceeeful tmzu3ltlon fUgb%a were 
madewehinarange of center-of-gravl*locatlane frunl2percantmean 
aeroQnemicchordfommdto8percentmenaerodynamic~remmmd 
of the wwg pivot point. ~~ehrrwe8timehi8tO?.'yOf8~iti 
~IUOn flight msde with the center of gr~tiw lwedtd 8t 8 ant 
lW8ZL8C%OW=dCchordrearwsrd ofthewlngplvntpointEulawlwlthel 
wlngflapedeflected30°. lQlghtewiththlerearward Center-Of-@?8Vi* 
loce~aaccruldbemad4~~eaeilylfthep~~cle~~~ 
cafedlzrhlgthelow-apeedpo2-tlotnfIofthefUghte. 9!heIlXIdelhsdB 
tendencytonoaeqp t3tlowapeeda but, by cweful use of the ccmtrole, 
tb~ilotW3~~8bletO~IWmt8diW3r@3nCe. 
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wit&the center of~vitymomdforlmdtothekl2-percentmearl- 
aumQmmlc-chord location fommrd of the KJng pivot point, eucceseful 
tranaltlonfllghtaweremde conaletentlyand eselly. Atinmhletory 
of 8~i.&tIlB&?iUith thiecentsr-of-~~~locatianleehown~fig- 
lme l2. Thle was the moetforwsrCl centwr-of-gr8~lqlw8tlcmwW.ch 
could be.trlmed In hovwAngflAghtwbile stlUnwslnt8lnlng aatlef8w&ry 
pitch control. 

The force-teetdehofflguree U, 14, and 15 ahowth8t, lngeneml, 
theluCdelh8a~etIleLa~lculgitudln8l etsblli~ fora Incidence 
anglea frcm~potdsbout h-O0 8ndpoeltlve etablli~8tlowerlncldlence 
englse. P .I 

Blgu-816 pre~teat~bietaryofafl~tmade~ththswlng 
flaps deflecte8 300_8@. with the ceder oFgravi* located directly 
under the wingplrotpolnt. ktbieflLg?k8n8ttemgtw8emdetodeab 
oIlalx8te 8 traneltlcmtol3lgb apeedmldbEbckag&ltohomrl~fllght, 
butthemdelmotcrbecema ovmrheetedandltwaa neceeaerytote3mlmte 
the fllghtbefore the tunnel sirageeddroppedto zero. 

~gen&rel, the literal 8tablU~and ccmtrol characterletlce were 
e8tlef8ctory tImn@mk tJlefllghtrengealLceptthat,forc-con- 
~Uap3sofaira~andfueelaepssttltuda,thsIlutchrolloec~~opl 
was lightly aamped. The Ughtly dqped.Dutch roll o6clU~~tlcm, howwee, 
aidPOt~a~t~pT0blemlnc~~~ths~llfth4 ailercmewere 
~tched~otheroll-cw~olc~~tettheprqpsrt~ -at about 
25 hots. Referemce2 ccmt8lna 8det8il.eddlecu8eionoftheDutchroll 
chemacterletlce of tha low-wing ccmfigur8tion. The model of the present 
lnveetlgatlon had similar Dutch roll atablli~ chmacterlatlce, and 
elnceprqperuaeofthero&lcontrole - SWit~~inthe 8ilSrWB 8t 
~ged~above~lmota - elJmhhdthedlfflcul~lnc~the 
model,th6datail~diecueel.onle~repeeted.~. 

ThefoUowlngrermerk.a~e b8eedond8t8obt8lnedfraaconatant- 
eiltltude traneltlon flight teats of 8 model of 8 hi&h-wing tramport 
~l~-taks-offairplane~lwith~.lting~andpropellere,aad 
Uithjt3tCOIlt~ 8ttheZWaX oftheflUe~foZ'~ltChfXld~WCoIl-hok 
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themrJdelcauldbeflawpwaeurmiteato8percslltmsapBeroaynemic~ 
z-e8mmdofthewingglPotgo~ttiththe~flape deflected~odown 
ana6prcentmpnn eWOCM=dCChdiXlEUWBd Of ~wlnegiVOtpOlJt 
wlththeflape unaeflectea.Whellthecantsrof~ti~waa~0f 
theeepobts, themdel slg?erlencedanoee-qp pitching dlver~ce. The 
moat forlmd cezhr4f-gz-t3~~ 10cet1cm at ldlfch the model ccnild be 
flown,wblchwaeeetabliehedcmlyforthefl.apdefbctd ceuse,wasl2per- 
centmeianlserody?mllc chmdforuax8ofthe~plvotpolnt. 

2.The lsAeraL etabill~ d CQlltrol chwacterlstlce m generally 
eatleiac~event~theI)urt;chrolloe~tlaplwse lightly&mped 
for certtdnccmdltlone ofe4lr6peed8ndfuml8geattltude. 

LmgleyAeroIlelltlcalIslb~~, 
lwtanal Aavleory carxulttee fm Aezw3utlce, 

Iagley m?q va., October ll, 1956. 
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